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Objective. The aim of this study was to describe GPs’ test ordering behaviour, and to establish
professional and context-related determinants of GPs’ inclination to order tests.
Methods. A cross-sectional analysis was carried out of 229 GPs in 40 local GP groups from five
regions in The Netherlands of the combined number of 19 laboratory and eight imaging tests
ordered by GPs, collected from five regional diagnostic centres. In a multivariable multilevel
regression analysis, these data were linked with survey data on professional characteristics
such as knowledge about and attitude towards test ordering, and with data on context-related
factors such as practice type or experience with feedback on test ordering data. The main
outcome measure was the percentage point differences associated with professional and
context-related factors.
Results. The total median number of tests per GP per year was 998 (interquartile range
663–1500), with significant differences between the regions. The response to the survey was
97%. At the professional level, ‘individual involvement in developing guidelines’ (yes versus
no), and at the context-related level ‘group practice’ (versus single-handed and two-person
practices) and ‘more than 1 year of experience working with a problem-oriented laboratory
order form’ (yes versus no) were associated with 27, 18 and 41% lower numbers of tests
ordered, respectively.
Conclusion. In addition to professional determinants, context-related factors appeared to be
strongly associated with the numbers of tests ordered. Further studies on GPs’ test ordering
behaviour should include local and regional factors.
Keywords. Family practice, health care, inter-doctor variation, physician’s practice patterns,
quality assurance, test ordering.
Introduction
The use of laboratory and imaging tests by GPs is
increasing in many countries, and inter-doctor variation
has been shown to be large.1–3 The reasons for the
increase in the numbers of tests ordered are still
imperfectly understood, and probably complex. Possible
explanations include the expansion of modern
diagnostic technology, increased fear of litigation and
lack of knowledge about appropriate test use.4–6
Furthermore, monitoring of chronic diseases is
increasingly performed by GPs, due to a shift of care
from hospital to primary care.7
Improving the quality of test ordering requires a
thorough understanding of the causal determinants of
test ordering behaviour.8–11 Previous studies into
determinants of test ordering have, in general, yielded
inconsistent conclusions. Various professional or
practice-related factors have been held responsible for
the inter-doctor variation (GP’s age, years of experience
as a GP, GP’s attitude towards risk taking, practice size
and practice type), but no single determinant has been
found to be very influential across all of these
studies.12–18 The present study attempted to investigate
the influence of context-related determinants not only
at the practice level but also at the level of local GP
groups, such as differences between GP groups in
patterns of collaboration, and, at the regional level, such
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as differences between regions in quality improvement
programmes or ways of organizing test requests. We
studied the variation in actual test ordering behaviour
among a large group of GPs, to assess determinants of
inter-doctor variation, at both the professional level and
the level of the local and regional context.
Methods
Design and population
We performed a cross-sectional study of the numbers of
tests ordered by GPs, and linked these test ordering data
with data from a survey among the study population.
Test data were retrieved from the files by staff members
of five participating diagnostic centres. A diagnostic
centre is an institute, usually associated with a hospital,
where GPs can order tests without referring the patient
to an out-patient clinic. One of the tasks of the medical
co-ordinator of such a centre is to provide feedback to
the GPs about their test ordering. The five different
diagnostic centres included in the study used similar
problem-oriented test ordering forms for laboratory
tests, with tests categorized into groups based on clinical
problems (Fig. 1). The study population consisted of GPs
associated with these regional diagnostic centres and
whose individual test ordering data could be retrieved.
Dutch GPs collaborate with colleagues in so-called local
GP groups. They share patient care outside office hours
and most groups provide continuing medical education
as an important activity. GPs consented to having their
individual data on test ordering behaviour used for
research purposes.
Variables and instruments
The dependent variable for the multivariable regression
analysis was the total number of tests that the GP
requested in 1 year (1997). Data of 27 tests
(19 laboratory and eight imaging) were retrieved
(Table 1). Data on the desktop tests that many GPs
regularly perform in their own practice [erythrocyte
sedimentation rate (ESR), haemoglobin, glucose and
cholesterol] could not be retrieved, and these tests were
therefore excluded.
The GPs in the study population were surveyed on the
following professional and context-related
determinants.
Professional characteristics. These included age, number
of years of experience, working full time (5 days) or part
time, knowledge of diagnostic accuracy measures, e.g.
sensitivity, predictive value, involvement in guideline
development and personal opinions on test ordering.
The latter variable was measured on a 5-point scale, with
options ranging from disagree to agree.
Context-related determinants. At the practice level, we
determined practice type, size and location of practice,
fraction of privately insured patients (compared with
sick fund-insured patients),16 the fraction of patients
older than 65, level of computerization, distance to the
laboratory and imaging facility, and use of desktop
equipment. Use of desktop equipment was measured on
a 4-point scale ranging from never to always. At the local
GP group level, we measured quality improvement
activities in the GP group setting (yes/no), presence of at
least one member who participated (or had participated)
in guideline development for the Dutch College of
General Practitioners (yes/no) and presence of a joint
strategy on medication and test ordering in the local GP
group (yes/no). At the regional level, we assessed the
experience with feedback from the regional diagnostic
centre (yes/no) and whether respondents had at least
1 year’s experience with the problem-oriented
laboratory form (yes/no).
Analysis
Descriptive analyses were performed on test ordering
data relating to the 27 tests selected, both for all 27 and
for laboratory and imaging tests separately; differences
in test ordering data between regions were tested with
the Kruskal–Wallis test. To obtain a normal distribution
of the dependent variable, all regression analyses were
performed with the log-transformed total number of
tests ordered. As a consequence, eregression coefficient reflects
a relative risk, and results are reported as percentage
point changes associated with the various independent
variables.
As an initial step in the regressions analysis, we first
conducted a stepwise backward linear regression
analysis for each region separately. This approach shows
which variables predict best the number of test orders
for each region. In these analyses, all variables initially
are entered into the model. The regression algorithm
then removes—taking into account the effects of
others—those variables that do not have a strong
independent association with the number of test orders.
Using robust variance estimation, we took into account
that, even within the same region, the numbers of test
orders GPs requested cannot be assumed to be
statistically independent of each other, because the test
ordering behaviour of two GPs within the same GP
group may be more similar than that of two GPs from
different GP groups. In this initial step of the regression
analyses, we adjusted for working full time or part time,
and the practice size, i.e. these variables were forced
into the model and were never omitted. The effect of
any other variables should be seen in the context of
these two. In accordance with the statistical literature,
the P-values for entry into or removal from the
multivariable model were set at 0.15 and 0.20. In an
effort to avoid the selection of too many variables and
over-fitting of the data set, only those variables that
were selected in each region by this stepwise procedure
were eligible for entry into the multilevel multivariable
analysis.
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In the final regression model, the data had a clear
hierarchical structure, with GP groups operating under
single regional diagnostic centres and GPs collaborating
within GP groups. Again, one should not assume that
test ordering behaviour of two GPs within the same GP
group will be more similar than that of two GPs from
different GP groups. The same holds for GP groups
within a region being perhaps more similar than two GP
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FIGURE 1 Problem-oriented laboratory order form
groups randomly chosen from different regions.
Therefore, the data were modelled in a three-level
multilevel analysis model using the Stata command
gllamm (Generalized Linear Latent and Mixed
Models), with GP group and region as the random
coefficients. The variables selected by the previously
described stepwise procedure for each region separately
were eligible for the multilevel model. In addition, all
context-related factors measured at local GP group and
regional level were entered. Thus, the initial multilevel
model contained 11 independent determinants (see
Table 3). To adjust for practice size, the natural
logarithm of practice size was entered as an offset
variable.19 Briefly, this was done because it was the
number of tests ordered that was essential, rather than
the order rate, i.e. the number of orders per potential
patient who triggered the order by his or her visit to the
GP. No tests for interactions were performed to avoid
the risk of false-positive associations in subgroups
before the theoretical mechanisms underlying test
ordering are better understood. The likelihood ratio test
was used to decide which levels would be retained. All
analyses were carried out using Stata statistical software
(Release 7.0. Stata Corporation, College Station, TX).
Results
Individual test ordering data were retrieved for 229 GPs,
working in 40 local GP groups in the five selected regions
in The Netherlands (Table 2). Figure 2 demonstrates the
large variation between regions in the total number of
tests ordered (P  0.001). In region III, the median
number of tests ordered proved to be more than twice
that in region II.
Of the 229 GPs, 221 (97 %) returned the question-
naire. Compared with all Dutch GPs, the study popula-
tion included more male GPs and more GPs working in
urban practice locations. Two-person practices were
under-represented, while relatively more GPs practised
in group practices (data not shown). Table 3 presents
some characteristics of the study population at GP,
practice and local GP group levels. Eighteen GPs were
actually involved in developing guidelines. A knowledge
question, involving the application of Bayes’ theorem to
a patient case, was correctly answered by 16% of the
study population. A total of 111 GPs (55%) answered
that they would feel uncomfortable if it appeared that
they clearly ordered more tests than their colleagues. In
contrast, nine GPs (4.1%) would be uncomfortable if
they ordered fewer tests. There was a desire to discuss
personal test ordering behaviour in local GP groups, and
to receive feedback on test ordering from the diagnostic
centre. At the local group and regional levels, 22 local
GP groups had experience of discussing their test
ordering behaviour in the local GP group, which had led
to (group) plans for change. At the regional level, there
was only one region (region I) where the diagnostic
centre was already providing individualized feedback
on test ordering behaviour, while two of the five regions
had introduced the problem-oriented form 1 year
previously (regions I and II).
Determinants of test ordering variation
Table 3 also shows the professional and context-related
variables that were eligible for entry in the multilevel
model. The variable location of practice, whose omission
had a negligible effect on the coefficients of the
remaining variables, was omitted. The random variation
due to the local GP group level proved to be small and
insignificant after the three GP group level variables had
been omitted. Therefore, the local GP group level was
omitted, and our final multilevel model contained seven
variables. Our final two-level model explained ~30% of
the variation in test ordering. Two of the variables of the
final multilevel model were at the professional level:
working full time or part time; and participation in the
production of a guideline. Three variables were at the
context-related practice level: type of practice; distance
to an imaging facility; and distance to a laboratory
Family Practice—an international journal390
TABLE 1 Tests retrieved from diagnostic centres
Laboratory tests Imaging tests
Packed cell volume Alanine aminotransferase Chest X-ray
White blood count Aspartate aminotransferase Double contrast barium enema
C-reactive protein -Glutamyltransferase Ultrasound of hepatobiliary tract
Thyroid-stimulating hormone Alkaline phosphatase X-ray of cervical spine
Potassium Lactate dehydrogenase X-ray of lumbar spine
Creatinine Amylase X-ray of hip
Blood urea nitrogen Bilirubin X-ray of knee
Sodium Immunoglobulin E X-ray of shoulder
Uric acid Allergic screening test
Prostate-specific antigen
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facility. Two variables were at the context-related
regional level: feedback on test ordering; and experience
with the problem-oriented form. Table 4 shows detailed
results of the final two-level model. At the professional
GP level, having been actively involved in national
guideline setting was associated with a 27% lower
volume of tests ordered compared with non-active GPs.
The practice type contributed significantly to the
TABLE 2 Distribution of numbers of tests ordered by 229 GPs in five regions
Total Region I Region II Region III Region IV Region V
Total numbers of P5 364 261 322 617 349 577
tests ordered P25 663 576 499 1085 694 1125
P50 998 860* 666* 1742* 891* 1273*
P75 1500 1436 847 2781 1344 1608
P95 2648 1960 1293 3805 2413 2674
Total numbers of P5 303 157 250 498 332 448
laboratory tests ordered P25 565 456 400 942 569 903
P50 839 691* 568* 1469* 799* 1078*
P75 1271 1116 730 2498 1194 1398
P95 2297 1732 1104 3445 2071 2249
Total numbers of P5 40 57 34 74 35 38
imaging tests ordered P25 99 110 61 173 96 128
P50 146 159* 90* 243* 142* 162*
P75 218 245 132 316 175 221
P95 370 470 254 379 382 383
* P  0.001 Kruskal–Wallis.
P represents the percentile of the distribution. For example, P25 means that 25% of all values are lower than this value. P50 is identical to the median.
FIGURE 2 Box plot showing the distribution of the numbers of laboratory and imaging tests ordered by 229 Dutch family physicians in
each of five regions in 1997. The horizontal line shows the overall median number of tests (998) ordered. The horizontal lines within the
boxes represent the medians for each respective region. The lower and upper ends of the boxes are the lower and upper quartiles. The
‘antennae’ sticking out from the boxes delineate where 95% of the observations lie. Dots represent the number of tests ordered by physicians
who ordered very many tests compared with colleagues within their region. The graph shows the large inter-regional differences with respect
to the average number of test orders as well as with respect to the variation in the numbers of tests ordered. For example, 50% of physicians
in region II ordered between 499 and 847 tests, whereas these numbers are 1085 and 2781 for the physicians in region III
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TABLE 3 Individual and context-related determinants of the number of tests ordered by 221 GPs in 1997
Study population characteristics Eligible for initial  SE  Total
multilevel model
Determinants related to GPs (n = 221) 221
Male 191
Age (SD) 46.1 (6.2)
GP’s number of years of experience in years (SD) 15.5 (7.6)
Work time factor 5 days Reference
4.5 days 0.0756 0.1201 169
4 days 0.2333 0.1158 25
4 days 0.1031 0.0988 26
Involved in developing guidelines 0.2300 0.1269 18
GPs answering questions on diagnostic accuracy correctly 16
Don’t want to order more tests than colleagues (scale 1–5)a 3.2
Desire to discuss test ordering in local groups (scale 1–5)a 4.1
Desire to receive feedback on test ordering (scale 1–5)a 4.1
Attitude to risk taking (scale 1–5)a 2.7
Desire to have direct access to MRI facility (scale 1–5)a 2.1
Context-related determinant level
Practice
Practice size (SD) Offset variable 2545 (525)
% Privately insured (SD) 35.4 (11.2)
% Older than 65 years (SD) 14.4 (6.8)
No. of GPs working in computerized practice 206
No. of GPs using medical module information system 146
Practice location: urban Reference 108
Semi-urban 0.0195 0.1022 56
Rural 0.0804 0.1132 56
Practice type: single-person Reference 103
Two-person 0.0989 0.0954 40
Group practice 0.1641 0.1052 77
% of GPs using desk top testing always for Hb, ESR and glucose 12.8
Distance to imaging facility in km 0.0004 0.0087 6.2 (5.3)
Distance to laboratory facility in km 0.0120 0.0130 2.3 (2.5)
Local GP group (n = 40)
No. of local GP groups receiving 0.0678 0.2157 22
feedback on test ordering
No. of local GP groups making 0.0508 0.0994 26
group plans for change
At least one GP in the GP group is 0.1220 0.1033 12
involved in developing guidelines
Region (n = 5)
No. of diagnostic centres providing 0.4776 0.1251 1
feedback on test ordering
The second column shows the 11 determinants eligible for the initial multilevel model analysis, including practice size (offset variable).
 = regression coefficient; MRI = magnetic resonance imaging.
a Personal opinions of GPs on test ordering 1 = disagree … 5 = agree.
variation in test ordering: GPs working in group
practices ordered ~18% fewer tests than those in single-
person or two-person practices. At the context-related
regional level, having had at least 1 year’s experience
with the problem-oriented laboratory form was
associated with a 41% lower volume of tests ordered.
The intra-class correlation coefficient at region level was
0.304, meaning that the variation between regions was
large compared with the variation within regions, which
supports the assumption that variability in test ordering
is strongly correlated with a region factor.
Discussion
To our knowledge, the present study is the first explicitly
to include context-related variables at GP group and
regional level. This enabled us to focus on the variation
in GPs’ test ordering behaviour in relation to both
professional and context-related determinants.
We found, to our surprise, a large variation in test
ordering between the regions, and we determined three
variables that were independently and strongly
associated with the volume of tests, namely involvement
in developing guidelines, working in a group practice,
and having had more than 1 year’s experience with a
problem-oriented form.
At the level of the professional, GPs who were
involved in developing national clinical guidelines (in
the context of the Dutch College of GPs programme for
guideline setting) ordered fewer tests than other GPs.
Although this subgroup represents a minor and
probably selected proportion of the GPs, discussing
guidelines and the underlying medical evidence might
be an important part of a strategy to improve test
ordering behaviour.20–23 Secondly, at the context-related
practice level, working in a group practice was also
associated with a considerably lower number of tests
ordered. This finding, which probably results from
general discussions of and reflections on practice
behaviour in such group practices, is in line with earlier
findings related to prescription behaviour.24–26 Finally, at
the regional level, it was particularly the level of
experience with a problem-oriented test ordering form
that appeared to have a large impact on the numbers of
tests ordered. It is not so much the influence of the order
form itself that is surprising, but rather the magnitude of
this effect.27,28 The present study was unable to explain
all of the inter-regional variation. Of course, disease-
related factors are also important in the variation of test
ordering. Although there might be slight differences in
morbidity between the regions, it is unlikely that
differences in case mix play an important role, because
a total of ~550 000 patients were involved. Explaining
this inter-regional variation will require more research,
which should include patient-related, organizational
and socio-cultural determinants.
Our study population differed from the total
population of GPs in The Netherlands in some features,
but we do not think that these differences influenced
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TABLE 4 Results of final two-level multivariable analysis
Level Determinant Difference (%) P 95% CI
Professional Working full time or part time 5 (0) reference
4.5 days 13.5 0.210 31.0 to 8.5
4 d 15.7 0.204 7.6 to 45.0
1.5–3.5 days 14.3 0.105 28.9 to 3.3
Actively involved in developing guideline(s) No (0) reference
Yes 26.9 0.013 43.0 to 6.4
Context-related practice Practice type Single-person (0) reference
Two-person 5.9 0.516 21.8 to 13.1
Group 18.0 0.022 30.9 to 2.8
Distance to imaging facility (per 10 km) 9.4 0.168 21.9 to 3.2
Distance to laboratory facility (per 10 km) 19.1 0.142 7.4 to 43.5
Context-related regional Diagnostic centre providing feedback No (0) reference
Yes 24.1 0.311 18.2 to 88.3
Problem-oriented form 1 year No (0) reference
Yes 41.0 0.001 57.2 to 18.7
Differences are percentage point changes compared with a reference category r2 = 0.304.
our results. Further, in The Netherlands, diagnostic
facilities only perform tests when a physician orders
them. Sometimes, however, diagnostic centres perform
test cascades, depending on the results of the previous
test. Further, only data from the diagnostic facility were
available, so the tests that were ordered but not
performed, e.g. because the patient did not visit the
diagnostic centre, were not included. However, both
situations probably constitute a small part of the
ordered tests.
Based on the present results, it is tempting to
recommend the introduction of problem-oriented forms
in diagnostic facilities for GPs; however, further study to
replicate our findings is necessary. The problem-
oriented form was developed as a quality improvement
instrument, aimed at efficient and cost-efficient use of
tests. Of course, it is also important to study patient-
related factors, such as whether patients are actively
demanding tests and how to ‘sell’ such a cost-conscious
approach to such demanding patients. These patient
factors should be discussed with colleagues, as some of
them may have developed effective strategies for
dealing with them. Despite the small influence of the
local GP group in our study, many GPs mentioned the
social influence of colleagues as an important
determinant of test ordering. The medical co-ordinators
of the diagnostic centres, who provide the feedback on
test ordering and may as such be regarded as experts on
this topic, could function as opinion leaders in these
discussions.29–31 Based on the strong correlations we
found between several factors and test ordering
patterns, we conclude that a quality improvement
programme, consisting of discussions on guidelines and
feedback reports in a local GP group, and collaborating
with a diagnostic centre that uses problem-oriented test
ordering forms and provides the feedback, appears to be
a promising intervention to decrease overuse of GPs’
test ordering.
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